Two-dimensional photonic crystal (2D PhC) waveguides with square lattice composed of dielectric rhombic cross-section elements in air background, by using plane wave expansion (PWE) method, are investigated. In order to study the change of photonic band gap (PBG) by changing of elongation of elements, the band structure of the used structure is plotted. We observe that the size of the PBG changes by variation of elongation of elements, but there is no any change in the magnitude of defect modes. However, the used structure does not have any TE defect modes but it has TM defect mode for any angle of elongation. So, the used structure can be used as optical polarizer.
Introduction
PhCs are class of media represented by natural or artificial structures with periodic modulation of the refractive index [1] [2] [3] . Such optical media have some peculiar properties which gives an opportunity for a number of applications to be implemented on their basis. In 2D PhCs, the periodic modulation of the refractive index occurs in two directions, while in one other direction structure is uniform. When the refractive index contrast between elements of the PhC and background is high enough, a range of frequencies exists for which propagation is forbidden in the PhC and called photonic band gap (PBG). The PBG depends upon the arrangement and shape of elements of the PhC, fill factor, and dielectric contrast of the two mediums used in forming PhC. The most important feature of PhCs is ability to support spatially electromagnetic localized modes when a perfectly periodic PhC has spatial defects [4] [5] [6] . In recent years, a lot of researches are devoted to study 2D PhC with circular, square, and elliptic cross-section elements [7, 8] . However, less work was devoted to study of PhC with rhombic cross-section elements. In this paper, we study band structure for 2D PhC waveguide with dielectric rhombic cross-section elements with a square lattice and how band structure is affected by elongating of elements.
PWE Method and Numerical Analysis
We consider 2D PhC waveguide as shown in Figure 1(a) , consisting of a square lattice of GaAs rhombic cross-section elements in air background, having a lattice constant of = 815 nm. The rhombuses have 0.4 side and a refractive index of = 3.37 [8] . The waveguide core is formed by substitution of a row of rhombuses with a row of different rhombuses with refractive index = 1 and 0.4 side along the direction. Figure 1(b) shows the unit cell for the structure used which is composed of the elements as shown in Figure 1 (c) [1] .
To obtain the band structure of the considered 2D PhC waveguide, the PWE method has been employed [1, 5] . Based on the symmetry considerations, the general form of the magnetic field vector of a TE-polarized mode and the electric field vector of a TM-polarized mode expanded into plane wave vector ⃗ with respect to the 2D reciprocal lattice vector ⃗ , labeled with a Bloch wave number , which is given by [1] . For TE-polarized mode,
(
For TM-polarized mode,
where ⃗ , ⃗ , ⃗ , and ⃗ are magnetic field vector, electric field vector, 2D reciprocal lattice vector, and plane wave vector, respectively. The sum and integral are taken over the first Brillouin zone of the 2D PhC waveguide used [1, 5] . Solving Maxwell's equations in CGS unit for the magnetic and electric fields leads to the following vector wave equations:
where ( ⃗ ) is the dielectric function of the unit cell. Substituting (1) in the vector wave (3) and (2) in the vector wave (4), we get two eigenvalue problems for the square of frequency for each polarized mode For TE-polarized mode,
That ( ⃗ + ⃗ ) is the Fourier expansion of the inverse dielectric function of 2D PhC waveguide that is written as
That integral is taken over the unit cell in Figure 1(b) . For a given value of a Bloch wave number as propagation constant , (5) and (6) constitute two eigenvalue problems with respect to the square of frequency ( ). Finally, using a trapezoidal approximation of the 1D integral and the numerical solutions for (5) and (6), we get the band structure of the structure used [1] . The computation method used for implementation of PWE method for 2D PhC waveguide is similar to the one which is used for the computation of the band structure of strictly periodic PhC. There is some essential difference in the structure parameters definitions [1, 2] . First in 2D PhC waveguide the unit cell consists of several PhC elements rather than one. The defect of periodic structure is also introduced to form the waveguide core. Also, in case of 2D PhC band structure computation, we set thepath to pass through all high symmetry points of the Brillouin zone. However, as we have considered in this section, computation of the 2D PhC waveguide band structure requires transversal wave vector consideration only. The longitudinal component stays in this case for the propagation constant and the propagation constant is limited by the boundaries of the Brillouin zone. One more difference from strictly periodic PhC is the definition of the reciprocal lattice vectors set [1] [2] [3] .
Elongation of the Rhombuses
According to Figure 2 , we can change the elongation angle that it makes with axis, for transformation of rhombuses. By changing of the elongation angle , when the definition of the unit cell is being made in discrete form by setting values of inversed dielectric function to mesh nodes, we define the borders of rhombuses in each element of the unit cell as function of the elongation angle as
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And we change the elongation angle and get the band structure for any angle .
Band Structures
First, we plot the band structure for the 2D PhC waveguide composed of square lattice of GaAs rhombic cross-section elements with side = 326 nm and refractive index = 3.35 in air background with a row of line defects, for both TE-and TM-polarized modes. The results are shown in Figure 3 for the elongation angle = /4 rad. The filled areas in Figure 3 are the continuum of states of the perfectly periodic 2D PhC which the 2D PhC waveguide is made from. All radiations with frequencies which hit these areas (with red color) will be able to propagate inside the PhC surrounding the waveguide core. But the radiations with frequencies which lie in the PBG (with white color) do not leak into the surrounding periodic media, so that radiations are guided through the waveguide core and are called defect modes [1] [2] [3] [4] .
In order to study how band structure is affected by elongating of elements, we change the angle and plot the band structure for a few important angles of elongations. Figure 4 shows the band structures for the elongation angles ( /6 & /3 rad) for both TE-and TM-polarized modes. From numerical results in Figures 3 and 4 , it is evident that, by increasing the elongation angle, magnitude of defect modes will be constant, but the PBG width increases. Although, for the case TE, there is no defect mode, the structure can be used as optical polarizer waveguide (OPW), which has TM defect mode and does not have TE defect mode. So, the structure transmits one state of polarization and blocks TE defect mode [7] [8] [9] [10] [11] [12] [13] . Calculations were performed for two important angles of elongation and all our computational results for any angle confirm these results. 
Conclusion
Using PWE method, we have studied band structure for 2D PhC waveguide with dielectric rhombic cross-section elements in air background. Less works were devoted to study of PhC with rhombic cross-section elements. So, we considered variations of the elements elongation for the used structure. Numerical results show that, by increasing in the elongation of elements, magnitude of the defect modes remains constant but the size of PBG increases. Also, the used 2D PhC waveguide blocks TE defect mode and transmits TM modes. So, this kind of structure can be used as optical polarizer waveguide.
